Colonoscopic perforations: Single center experience and review of the literature INTRODUCTION Colonoscopy is accepted as the gold standard imaging modality for the diagnosis of colon and distal ileum diseases. It aids the detection of smaller lesions and tissue sampling and also functions as a therapeutic procedure for intestinal diseases. Similar to other invasive procedures, colonoscopy has been associated with various complications; among these, perforation is the most important. Iatrogenic colonic perforation has high rates of mortality and morbidity. It is mainly divided into two categories: diagnostic and therapeutic (1, 2). Management includes both medical and surgical approaches. However, the best approach for treatment depends on various factors, such as the patient's general condition, age, comorbidities, and, most importantly, the time between the onset and diagnosis of perforation. In this study, we aimed to evaluate the incidence of perforation in a large colonoscopy series, discuss patient management strategies, and analyze the clinical consequences of iatrogenic colonic perforation.
INTRODUCTION
colonoscopy were initially evaluated by abdominal x-ray. All patients with generalized peritonitis and free intra-abdominal air underwent surgical intervention.
Ethics committee approval was not required due to the retrospective nature of the study. All data were collected from the accessible computer database system of the hospital. Written informed consent was obtained from all patients included in this study. The information was collected in accordance with the Declaration of Helsinki.
Statistical Analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences (IBM Corp.; Armonk, NY, USA) 22.0 software package.
RESULTS
Lower GIS endoscopies included 5,214 recto-sigmoidoscopy (RRS) and 31,655 colonoscopy procedures (Table 1) . Perforation occurred in 13 (0.041%) patients. Perforated patients included five men and eight women. Their mean age was 63.8 (range 44 to 77) years. Indications for colonoscopies were as follows: sub-ileus (n=1266) (4%), constipation and abdominal pain (n=949) (3%), and investigation of the etiology of anemia (n=1900) (6%). Anatomic distribution of the perforations included the (i) proximal rectum (n=3), (ii) rectosigmoid junction (n=6), (iii) sigmoid colon (n=3), and (iv) ascending colon (n=1). Overall, iatrogenic perforations were recorded by 13 endoscopists who had variable years of endoscopic experience. Eight of the endoscopists had a mean experience of three (range two to five) years. Endoscopic experience varied from 5 to 10 years for three endoscopists and 10 to 15 years for two endoscopists. The times of diagnosis and the treatment approaches for each anatomic location of perforation are shown in Table 2 . Perforation occurred during the procedure in nine patients. Seven of the patients whose colonic wall integrity was disrupted had abdominal pain, defense, or guarding as clinical symptoms. The other two patients did not show clinical symptoms of abdominal pain, guarding, or defense; in these patients, the site of perforation was found to be on the mesenteric side. In all patients who experienced perforation during the procedure, the management of choice was surgical. In all patients, primary colon repair was performed. In addition to primary colon repair, colostomy was performed in two patients and ileostomy in one patient.
Perforation was detected in four patients after colonoscopy. One patient was admitted to the emergency clinic due to acute abdominal pain following colonoscopy. Abdominal Xray of the patient revealed free air under the diaphragm; the patient underwent an operation about six hours after the colonoscopy procedure. Perforation was observed in the rectosigmoid junction and treated with primary repair. Subcutaneous emphysema was observed in the neck of one patient M: male; F: female eight hours after the colonoscopy procedure. On exploration, perforation was detected in the proximal rectum. Primary repair with loop colostomy was performed due to peritonitis symptoms and accompanying comorbidity. One iatrogenic colon perforation occurred as a result of polypectomy. The patient had a history of repetitive polypectomy; further polypectomy was performed for polyps larger than 1 cm. He had fever and abdominal pain 12 hours after the colonoscopy procedure and was admitted to the emergency department. Subdiphragmatic free air was detected under the diaphragm in an abdominal X-ray. Secondary colon perforation was considered for the patient as a result of polypectomy. There were no peritonitis symptoms. The patient was discharged without complications with broad spectrum antibiotherapy. The other patient was admitted to hospital due to abdominal pain and symptoms of anemia; perforation was diagnosed 24 hours after the colonoscopy procedure. Due to rejection of surgery by the patient, it was decided to follow up the patient with medical treatment. Unfortunately, the patient died due to onset of sepsis 92 hours after the procedure.
The mortality rate was found to be 7.69% (1 in 13 patients). The average length of hospital stay was 15 (range: 5 to 48) days.
DISCUSSION
Colonoscopy is the gold standard for the diagnosis and followup of colonic diseases (3). Despite its superiority in diagnostic and therapeutic use, it can lead to serious complications. Previous reports have documented a wide array of complications, including electrolyte imbalances that occur during preparation for colonoscopy and sedation during the procedure. Therefore, patient monitoring during the procedure is important to reduce and prevent these complications (4). Other complications are iatrogenic in nature; these include hemorrhage and perforations. Perforation rates are reported to range between 0.02% and 0.8% for diagnostic colonoscopy and between 0.15% and 0.3% for therapeutic colonoscopy (1, 2) . Regarding technique, endoscopic sub-mucosal dissection (ESD) is known to carry a higher perforation risk than endoscopic mucosal resection (EMR) or polypectomy (5, 6) . The rate of hemorrhage has been reported to be 1% to 2% and is more visible after polypectomy and dilatation of structures compared to other procedures (7) (8) (9) . Perforation may occur from direct mechanic effects (sharp edge) of the colonoscope, barotrauma, or thermal burns during polypectomy (5). While perforation resulting from direct mechanic effects is often seen in the recto-sigmoid junction and strictures, perforation resulting from direct barotrauma is most frequently seen in the cecum zone (1, 6) .
Perforations that occur during therapeutic processes such as polypectomy are seen during polypectomies of polyps greater than 2 cm in size, similarly to our right colon case. Compared to flexible rectosigmoidoscopy, perforation rates during colonoscopies are two or four times higher (8, 9) . In our study, no perforations occurred during rectosigmoidoscopy, thus obviating the need for a comparison of both approaches. Perforations are known to occur commonly at the recto-sigmoid junction. Reported reasons include angulation and transition challenges at the recto-sigmoid junction and thinning of the colonic wall at the ascending colon (10-12). In our series, the rate of perforation was seen most frequently (46%) in the recto-sigmoid junction.
Of the three (mechanical, barotraumas, and thermal) previously described mechanisms associated with colonoscopic perforations, mechanical is known to be the most common (13) (14) (15) . It occurs after forcing the tip of the apparatus without direct visualization, making loops in the far areas, or penetrating a diverticulum (16, 17) . Barotrauma is another important mechanism; it results from excessive gas insufflation leading to linear tear or full-thickness perforation of the serosa. Perforations due to barotrauma may occur in the right colon due to its width (18, 19) . They can occur not only in the cecum but also in high-pressure zones such as angulations in the sigmoid colon or herniated loops that enter into the inguinal and ventral sacs (20) .
For perforations related to colonoscopy, structural colonic pathologies (diverticular disease, inflammatory bowel diseases, megacolon) and patient-related factors (age, female gender, accompanying illnesses, previous abdominopelvic surgeries) have been reported as prognostic factors. Previous studies have shown that patients over 65 years of age present significant risks for perforation (1, (21) (22) (23) . In some studies, it has been reported that the perforation rate in patients over 75 years of age can increase by four to six times compared to that in young patients (24, 25 (24) observed that the perforation rate is higher in patients with two or more comorbidities. In our study, increased risk of colonic perforation was observed in patients with ASA scores greater than 3. Handami et al. (21) reported older age, female gender, low BMI, co-existent diseases, and low albumen levels as risk factors of increased perforation rates in hospitalized patients, especially among those admitted to the intensive care unit. In terms of indications, perforation rates have been found to be higher during procedures performed for diagnosing abdominal pain, anemia, Crohn's disease, and bleeding (21) .
Perforation rates decrease with the experience of the endoscopist (3, 12) . However, experience alone is not sufficient to prevent perforations due to the various risk factors discussed previously. Lohsiriwat et al. (26) stated in their study of 10,124 patients that the experience of the endoscopist did not play a significant role in reducing complication rates. In our study, the experience of the endoscopists varied between 2 and 15 years. Of all cases in which perforations were documented, two were by trainees under the control of experienced specialists, three were by endoscopists who had 5 to 10 years of experience, and two were by endoscopists who had 10 to 15 years of experience.
Clinical findings may vary due to several factors. These include time duration from the onset of perforation, degree of abdominal contamination, size and etiology of the perforation, and accompanying diseases of the patient (7, 13, 19, 26) . Early surgical intervention is the gold standard approach in the presence of peritoneal irritation findings. Some research-ers recommend emergency surgery when sub-diaphragmatic free air is detected, even in the absence of peritoneal irritation. Early and emergent surgical intervention is suggested to be the best treatment strategy to decrease rates of mortality and morbidity (26) (27) (28) (29) (30) .
Luning et al. (8) reported 35 perforation cases in their study that consisted of 30,366 cases (0.12%); surgery was performed on all 35 patients. Seventy-four percent of the perforations occurred in the sigmoid colon, and the mortality rate was found to be 8.6%. Similarly, our mortality rate was 7.6%. In one patient who refused surgical intervention, death occurred due to sepsis. Farley et al. (27) reported their perforation rate as 0.075% (43 cases) among 57,028 patients; they treated only one patient (2%) non-surgically. Korman et al. (1) reported 37 (0.03%) perforation cases among their series of 11,6000 patients; they followed up 2 of these patients non-surgically. Factors known to increase morbidity following perforation are time of diagnosis, degree of peritoneal contamination, coexisting diseases, and size of the perforation (31). In our study, the postoperative morbidity rate was found to be 54.4% (six patients); the most common cause was wound infection.
In recent years, successful results have been reported with new developments in endoscopic techniques.
Multi-canal endoscopic tools, intraluminal or over-the-scope (OTSC) endo-clips, endo-loops, and tissue-sealing materials such as fibrin glue and partially or fullly covered self-expandable metallic stents (SEMS) are some of these new techniques (32) . Endo-clip procedures have been reported in the literature since 1997, as well as successful repairs of large intestinal perforations with combinations of endo-clips and endo-loops (33) (34) (35) . Also, closure of intestinal perforations with injection of fibrin glue has been reported (36) . A perforation site of 30 mm has been reported to be repaired successfully with OTSC (37). Covered SEMS procedures have been used for stricture dilatation in distal colonic anastomosis (38) . Aras et al. (39) reported 16 patients with colonoscopic perforation in their series; some cases were treated using minimally invasive techniques. Of 16 patients with colonoscopic perforation, 8 (50%) were treated by primary repair; 5 (31%) of these were approached laparoscopically. Bowel resection was performed in three (19%) patients and diversion in one (6%) patient. Regarding nonoperative treatment, three (19%) patients were successfully managed conservatively. Endoscopic closure of the CP was applied using a hemoclip in one (6%) patient.
In our series, we could not apply endo-clips because they were not available in our clinic at the time of our study. The most important indication for endoscopic repair is the size of the perforation site, which should be less than 10 mm (12) . Although the literature indicates that it is safe, certain conditions must be met for stent placement in colonoscopic perforations. Generally, these conditions are related to the hospital facilities, including the availability of an experienced endoscopist and associated assistant team and the availability of the proper stent and equipment when required (40) .
However, we believe that non-surgical follow-up should only be considered for patients who are stable and show no symptoms of peritoneal irritation. The patients should be hospitalized and followed up without oral intake, intravenous fluid support, and antibiotic prophylaxis. Because of the high risks, non-surgical follow-up should be applied in carefully selected patient groups; the possible risks should be described to patients and their families, and informed consent should be obtained. The current study is limited by its retrospective nature and non-randomized design. Also, we lacked the facilities to perform procedures such as ESD or EMR; as such, we could only assess perforation cases due to endoscopic polypectomy.
CONCLUSION
The findings from our study showed that patients older than 65 years and those with ASA scores greater than 3 are at higher risk for colonic perforation following therapeutic endoscopy. Colonoscopy is an invasive method associated with an appreciable rate of complications. Early diagnosis and treatment are necessary to reduce mortality and morbidity rates. Unexpected symptoms such as abdominal pain or distention, hypotension, and tachycardia following the procedure should trigger suspicion of colonic perforation, especially in patients identified to carry higher risks. 
